Background Knee arthroplasty traditionally is recommended for persons with substantial disability and disabling pain attributable to moderate or severe osteoarthritis (OA). Pain and functional status after arthroplasty may be influenced by the extent of knee OA before surgery and recent evidence suggests persons with less severe knee OA before undergoing TKA have greater pain levels and worse function than persons with more severe knee OA. Questions/purposes We determined the proportion of patients undergoing knee arthroplasty who had less than moderate knee OA before surgery and who had either a radiographically normal medial or lateral joint space before surgery.
Introduction
The decision to recommend knee arthroplasty is a complex one that involves simultaneous consideration of multiple factors, including but not limited to symptom intensity and duration, functional loss, osteoarthritis (OA) severity, ligamentous and patellofemoral joint integrity, and response to previous therapies. Judgments of the extent and type of tibiofemoral OA play an important role when advising Each author certifies that he or she, or a member of his or her immediate family, has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the reporting of this report, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. patients about risks and benefits of joint arthroplasty. As reported in a NIH-sponsored consensus meeting [18] and corroborated by others [7, 9] , primary TKA is most commonly performed for knee failure caused by OA. However, there is controversy regarding specific indications for knee arthroplasty and the literature suggests substantial variation in indications [7, 10, 11] . For example, there is a lack of consensus regarding duration and extent of pain or functional loss necessary to indicate a need for TKA [7, 11] . Although the patellofemoral joint is important when considering a patient's candidacy for TKA, the tibiofemoral joint is likely given highest priority because of its primary weightbearing function. Recent evidence suggests persons with less severe knee OA before undergoing TKA have greater pain levels and worse function than persons with more severe knee OA [8, 23] .
Lateral and medial compartments of the tibiofemoral joint are vulnerable to OA and are influenced by different racial, bony alignment, movement, and injury-related risk factors [28] . Assessing the lateral and medial compartments of the tibiofemoral joint also is clinically important because surgical options can vary, in part, depending on the OA status of these compartments. The extent to which the medial and lateral joint spaces are affected by OA before surgery is unclear. However, because implant decisions are driven at least in part by the extent of medial and lateral joint space disease it is clinically important to understand the extent of medial versus lateral joint space narrowing. Plain radiographs are commonly used by orthopaedic surgeons when planning surgical treatment for patients with knee OA [12] . A Kellgren-Lawrence (KL) grade [14] of 2 is considered indicative of OA, primarily because of the presence of osteophytes. When tibiofemoral joint space narrowing is definite, a grade of 3 is given and a grade of 4 is used for marked narrowing. A KL grade of 3 or 4 traditionally has been suggested as an indicator for TKA consideration, presumably because a grade of either 3 or 4 reflects definitive joint space narrowing, the impairment targeted by the implant.
Authors of three studies conducted in Europe [3, 13] and Asia [15] reported KL grades for persons scheduled for knee arthroplasty and all reported the proportion of knees with a KL grade of 3 or 4 exceeded 95%. Authors of one recently published US-based study [25] reported 83.2% of knees had a KL grade of 3 or 4 before knee arthroplasty, but the time between radiographic assessment and subsequent surgery was not reported and could have been as much as 30 months. Another study [26] examined the extent of medial versus lateral tibiofemoral joint space narrowing in patients selected for TKA, but standardized methods for obtaining or reading radiographs were not used. Given that knee arthroplasty generally is recommended for persons with moderate or severe knee OA, we presumed approximately 95% of persons would have a modified KL grade of 3 or higher in the involved knee within 1 year of surgery, an estimate consistent with the literature [3, 13, 15] . Further, given surgical treatment decisions are driven at least to some extent by the pattern of tibiofemoral joint space narrowing, it is important to understand not only the extent, but also the pattern of joint space narrowing.
The aims of our study were to (1) determine the severity of tibiofemoral arthritis less than 1 year before knee arthroplasty and (2) describe the proportion of persons with a radiographically normal medial or lateral tibiofemoral joint space before arthroplasty.
Patients and Methods
The Osteoarthritis Initiative (OAI) is a publicly and privately funded prospective 4-year longitudinal cohort study of 4796 persons aged 45 to 79 years with knee OA or at risk for knee OA. Subjects received no treatment as part of the study nor were they solicited for treatment by the investigators. Patients assigned to the incidence and progression subcohorts who subsequently underwent knee arthroplasty were included in the study. The incidence subcohort comprised 3285 persons who either had knee pain without OA or no knee pain but with OA or were at risk for having knee OA develop. The progression subcohort had 1389 persons with symptomatic knee OA in one or both knees. Symptomatic knee OA was defined in the OAI as (1) a self-report of pain, aching, or stiffness in or around one or both knees on most days for at least 1 month during the past 12 months and (2) radiographic tibiofemoral knee OA defined as Osteoarthritis Research Society International (OARSI) Grades 1 to 3 [1, 2] or the approximate equivalent, modified KL grades of 2 or higher [1, 2] . Subjects were recruited from the communities near the following institutions: (1) University of Maryland in Baltimore, MD, USA; (2) The Ohio State University in Columbus, OH, USA; (3) University of Pittsburgh in Pittsburgh, PA, USA; and (4) Memorial Hospital of Rhode Island, in Pawtucket, RI, USA. Key exclusion criteria for entry into the study were (1) the presence of rheumatoid arthritis, (2) bilateral knee arthroplasties before study entry or preexisting plans to undergo bilateral (not unilateral) knee arthroplasties in the next 3 years, (3) bilateral endstage (modified KL Grade 4) knee OA, (4) use of ambulatory aids other than one straight cane for greater than 50% of the time, (5) comorbid conditions that might interfere with 4-year participation, and (6) likelihood of not residing in the clinic area for at least 3 years. In addition, because the study measured MRI-based changes, men weighing greater than 130 kg and women weighing greater than 114 kg (1595 persons) were excluded because they were unable to undergo 3.0-T MRI. The study was approved by the institutional review board of the OAI Coordinating Center at the University of California, San Francisco (San Francisco, CA, USA).
During the course of 3 years of followup, 116 persons had knee arthroplasties and this was the sample we included in the study (Table 1) . A total of 27 persons had knee arthroplasties during Year 1, 38 during Year 2, and 51 during Year 3 of the study. Nineteen of the 116 patients had more than one knee arthroplasty, with 13 undergoing bilateral arthroplasties in the same year and six with either repeated unilateral arthroplasties in different years or contralateral arthroplasties in different years. We selected only one knee per patient. For the patients with bilateral arthroplasties, we randomly selected either the right or left knee. For the unilateral arthroplasties, we selected the first surgical episode.
Radiographs obtained less than 1 year before surgery were available for 97 patients. Radiographic examinations were obtained an average of 163 days (SD = 101.2) before surgery. Of the 97 patients, one had a unicompartmental arthroplasty and the remaining 96 underwent TKAs. We compared the demographic characteristics of the persons with (n = 97) and without (n = 19) radiographic data available within 1 year of surgery and no differences in age, sex, or comorbidity score were found (p values of t-tests for age and comorbidity = 0.77 and 0.70 respectively and chi-square for gender = 0.60).
We conducted a power analysis to assess the adequacy of our sample size. With a one-group chi-square test and a two-sided significance level set at a = 0.05 and a sample size of 90, our study had a power of 92% to detect a difference of 0.10 in the prevalence of KL grade of 3 or higher between the null hypothesis population (0.95) and the preknee arthroplasty OAI sample (B 0.85). We reasoned, if the proportion of patients with KL grades of 3 or greater was at least 0.10 lower than previously published estimates, the clinical implications potentially would be important; for example, if 15% of persons undergoing TKAs had KL grades less than 3, this would indicate a substantial number of patients potentially would be at risk for worse pain and function relative to persons with KL grades of 3 or greater [8, 23] .
OAI investigators used a 20°fixed-flexion bilateral weightbearing posteroanterior radiographic approach to optimally capture the tibiofemoral joint space [6, 20] . Radiographs were obtained using a SynaFlexer TM frame (Synarc, San Francisco, CA, USA) to reproducibly position the subject's knees and feet and to equally distribute body weight while the x-ray beam was angled caudally at 10°f rom a preset distance [16] . The radiologic staff at the institutions underwent extensive training to enhance consistency. Lateral or skyline view radiographs were not obtained as part of the OAI study.
Radiographs were obtained at baseline and at the 1-year and 2-year followups. OAI site investigators assessed baseline radiographs and used modified KL and OARSI grading scales to quantify the extent of OA of both knees in each radiograph (Table 1) . At followups, there were no radiographic readings provided for the sample in the public use datasets. OAI researchers used an extensive training approach to maximize reliability and validity of baseline radiograph readings. Site investigators were experienced rheumatologists and all received standardization training in the KL and OARSI grading scales using teleconferences and a Web-based program. Before the study, each site investigator read 30 knee radiographs and provided modified KL and OARSI grades. They then were given feedback and the correct answers with annotated images and interpretive comments by an experienced musculoskeletal radiologist. During the validation process, investigators read different sets of 30 knee radiographs and their results were compared against the gold standard readings made by an experienced musculoskeletal radiologist. All site investigators had to pass the validation test before reading OAI radiographs.
Because OAI investigators only provided modified KL and medial and lateral joint space readings for baseline data and not for the followup radiographs, we recruited four orthopaedic surgeons (WAJ, RSN, DW, JRH) to make KL, modified KL, and OARSI readings on a total of 200 baseline and 1-and 2-year followup radiographs of patients who subsequently had knee arthroplasties. Surgeons were blinded to TKA status or involved side. Surgeons also were unaware of the baseline OAI KL or OARSI readings for each radiograph. All surgeons were provided with the KL, modified KL, and OARSI scales and radiographic examples [1] . The KL and modified KL systems are semiquantitative and define the extent of knee OA by the presence and severity of osteophytes and tibiofemoral joint space narrowing. The OARSI system defines the extent of either medial or lateral tibiofemoral joint space narrowing based on a percentage estimate relative to normal. The surgeons practiced individually on 10 radiographs until they were prepared to use the scales to grade the radiographs. We used the weighted kappa to determine the extent of agreement between each surgeon's readings of the baseline radiographs and the readings made by the OAI site investigators. The weighted kappa is the chancecorrected agreement coefficient when using ordinal scales and when differences in agreement become more serious as disagreements become greater [17, 22] . One surgeon (JRH) read 225 radiographs from the OAI dataset and had weighted kappas for interobserver variability of 0.67 to 0.84 when compared with publically available baseline radiographic readings by OAI investigators of the same subjects ( Table 2) . Weighted kappa coefficients are commonly used agreement indices that account for chance agreement in ordinal scale measures like the radiographic assessments conducted in this study [17] . Because of strong concordance with OAI readings, we considered this surgeon's radiographic readings to be valid and we used the surgeon's data from baseline and followup readings to examine the extent of medial and lateral joint space narrowing and KL grades.
We determined differences in the proportion of patients with modified KL grades of 3 or higher, indicating at least moderate knee OA, between our sample of persons with TKAs and a fixed proportion of 0.95 based on evidencebased estimates [3, 13, 15] using the Z-test. Descriptive statistics were used to summarize the extent of medial versus lateral joint space narrowing. All data were analyzed with SPSS 1 Statistics (Version 19; IBM, Armonk, NY, USA).
Results
The proportion of patients with a modified KL grade of 3 or higher was 0.81 (95% CI, 0.73, 0.89) ( Table 3 ). This proportion was lower (Z = 6.36; p \ 0.001) than the 0.95 estimated population proportion.
A total of 23 (24%) of the 97 surgical knees had no joint space narrowing in the medial compartment and 64 (66%) had no tibiofemoral narrowing in the lateral compartment (Table 4) . Stated another way, 82 of 97 patients had a presurgical knee (85%; 95% CI, 78%, 92%) that had at least one tibiofemoral joint compartment with no joint space narrowing. A total of 5% of surgical knees had no 
Discussion
Knee arthroplasty traditionally is recommended for persons with substantial disability and disabling pain attributable to moderate or severe OA. Pain and functional status after arthroplasty may be influenced by the extent of knee OA before surgery. Our study determined the extent and type of OA in patients less than 1 year before knee arthroplasty. Specifically, we determined the proportion of patients who had KL grades less than 3 before their TKA. Less severe knee OA before surgery reportedly is associated with greater postoperative pain and worse functional status [8, 23] . Surgeons should be aware that less than a moderate amount of knee OA before TKA may place a patient at risk for poor outcome. In addition, decisions related to the use of total versus unicompartmental surgery are driven, at least to some extent, by the extent of compartmental OA. We therefore described the proportion of patients who had no radiographic evidence of medial or lateral joint space narrowing.
Our study has several limitations that warrant consideration. First, our sample size is relatively small and overall, the knee OA disease spectrum of the population of persons in the OAI generally was skewed toward mild to moderate disease. However, to our knowledge, the OAI study is the literature's largest and most diverse communitybased sample of persons with symptomatic knee OA studied during a 3-year period. Despite the small sample, the statistical estimates were robust and the data were collected in four geographically diverse regions with approximately equal representation among the sites. We cannot say, however, that these data reflect those for the entire United States or other countries. Second, all radiographic data were collected, on average, 163 days before knee arthroplasty. It is possible that additional joint space narrowing occurred between the radiograph and the surgery. However, yearly changes in joint space width average approximately 0.1 to 0.2 mm/year [4, 12] . Given that the time between the radiograph and arthroplasty was much less than 1 year for most patients, the very small yearly changes that typically occur [4, 12] suggest the time between radiographic examination and surgery had little effect on OA status. Third, we had no data regarding the status of the patellofemoral joints because radiographs of the patellofemoral joints were not obtained. Isolated patellofemoral arthroplasty, however, is a rare procedure. In Norway in 2009, only 0.4% of all knee arthroplasties were isolated patellofemoral arthroplasties [19] . Although all but one patient with complete data in our study underwent TKA, some patients who underwent arthroplasties may have had extensive patellofemoral OA that we were unable to quantify. Fourth, the extent of variation in criteria used to recommend knee arthroplasty are well documented and tibiofemoral OA is only one of several criteria [7, 27] . Because we did not have data for all variables used to make surgical decisions (eg, patellofemoral status or osteonecrosis) and because consensus regarding who should receive knee arthroplasty has not been established in the United States, we cannot judge the appropriateness of surgical decisions made in our sample. Fifth, we relied on data from one surgeon whose radiographic measures were highly concordant with OAI investigators' data. Even with a high concordance, there were likely some radiographs that were read incorrectly by either the surgeon or the OAI investigators that contributed some error to our estimates. Sixth, a radiographic classification such as OARSI or KL cannot account for some bony or soft tissue changes, which can cause substantial symptoms in the absence of moderate or severe arthritis, including but not limited to (1) partial chondral loss, (2) subchondral edema, (3) joint surface subluxation, and (4) ligamentous insufficiency. In addition, the OAI did not provide stress radiography or diagnostic arthroscopy data. Soft tissue or bony disorders can contribute to pain and limited knee function and may lead patients to consider joint arthroplasty. Finally, the OAI had several exclusionary criteria including rheumatoid arthritis, a high body weight (eg, 130 kg or higher for men), and less than end-stage OA of both knees. These criteria limit the generalizability of our findings. In addition, persons in the OAI may be different from the US population because they were willing to volunteer for a long-term study of knee OA. Finally, the types of prostheses being implanted likely varied across sites and these data were not available in the OAI dataset.
Contrary to our expectation, we found the proportion of patients with a KL grade of 3 or greater planning for TKA was less than that expected from literature-based estimates, with 81% of knees in our sample having a KL grade of 3 or higher an average of 163 days before surgery. A NIH consensus panel described the most common indication as knee failure [18 ] , so presumably the majority of patients undergoing the procedure for OA have KL grades of 3 or higher, indicating, at a minimum, definite tibiofemoral joint space narrowing. We found three studies, all conducted in Europe or Asia, which reported KL grades for knees before undergoing knee arthroplasties. All studies reported greater than 95% of patients had KL grades of 3 or higher [3, 13, 15] . A prevalence of KL grades of 3 or higher of 81% in our study is appreciably below the estimates from these three studies. A recently published paper by Wise et al. [25] indicated 83% of 202 knees undergoing TKAs in a multicenter longitudinal US study of knee OA had KL grades of 3 or higher before surgery, but radiographic data were collected up to 30 months before surgery for some patients. Given this limitation, our estimates were reasonably close to theirs. Taken together, these data represent approximately 300 TKAs conducted by communityand university-based surgeons in seven locations in the United States. Our data and the data by Wise et al. [25] suggest, for approximately one in six patients in the United States who approximate the OAI inclusionary and exclusionary criteria, TKA is being performed before the development of moderate or severe knee OA. The percentage of patients with no evidence of joint space narrowing in at least one compartment was 85%. This very high rate of unicompartmental disease suggests unicompartmental arthroplasty may be underutilized [5, 24] . Riddle et al. [21] reported unicompartmental knee arthroplasties account for less that 8% of all knee arthroplasties in the United States. More research is needed to confirm this high rate of unicompartmental disease and to further determine the extent to which these patients may be candidates for unicompartmental arthroplasty.
Although tibiofemoral OA status is only one of several criteria orthopaedic surgeons use to make surgical decisions, our study suggests variation in the extent of tibiofemoral OA in patients preparing for joint arthroplasty is greater than previously described. Similar to the recently published data by Wise et al. [25] , approximately 19% of patients in our sample with KL grades of 2 or lower underwent knee arthroplasties. These data suggest a substantial number of patients are undergoing knee arthroplasty earlier in the disease process than has been previously reported. Evidence suggests these types of patients may be at risk for poorer pain and functional status outcomes [8, 23] . Additional research is needed to confirm these findings and to understand the reasons for the variation in the extent of OA before knee arthroplasty. In addition, the extent of medial versus lateral joint space narrowing is extremely variable, with 85% of knees having either a normal medial or a normal lateral joint space. Future research should more thoroughly examine additional attributes of patients being considered for knee arthroplasty to determine whether unicompartmental arthroplasty may be a reasonable option.
